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(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance a 
combustibility of a stratified charge combustion and a 
homogeneous combustion by constituting an air- 
supplying means by an air injection valve for directly 
injecting an air to a combustion chamber. 
SOLUTION: An air supplying means for supplying an 
air to a combustion chamber in a suction stroke is 
constituted by an air injection valve 7 for directly 
supplying a high pressure air to the combustion 
chamber. By this constitution, when the fuel injection 
valve 6 injects a fuel in a compression stroke during a 
stratified charge combustion, the injected fuel is 
directed to a cavity combustion chamber 10 and a 
fuel injection valve 6 is exactly mounted on the cavity 

combustion chamber 10 at a received angle. Whereas, the air injection valve 7 is mounted 
at an angle such that an air injected in the suction stroke forms, for example, a swirl 
laterally directed by rotating in a right direction as an arrow and an fuel injected in a 
compression stroke in which the swirl exists in the cavity combustion chamber 10 is 
exactly conveyed around an ignition plug. The mounting angle of the air injection valve 7 
and the fuel injection valve 6 can intensionally set an interference of the fuel and the air 
and a granulation and a stratification of the fuel can be carried out. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An air supply means to supply air to a combustion chamber like an inhalation-of-air line, 
and the fuel injection valve which injects a direct fuel to a combustion chamber, While equipping an 
ignition plug and a piston crestal plane with a cavity combustion chamber, making a fuel inject in a 
compression stroke in a low loading region and making stratification combustion perform The 
injection type spark-ignition engine in a cylinder characterized by constituting said air supply means 
from an air-injection valve which injects direct air to a combustion chamber in the injection type 
spark-ignition engine in a cylinder which an inhalation-of-air line makes a fuel inject [ spark-ignition 
engine ] to inside in a heavy load region, and was made to make homogeneity combustion perform. 
[Claim 2] The injection type spark-ignition engine in a cylinder according to claim 1 characterized 
by setting it as the include angle which can convey the fuel which arranged the air-injection valve in 
the fuel injection valve arrangement side, and was injected in whenever [ these champing-angles ] to 
a cavity combustion chamber. 

[Claim 3] The injection type spark-ignition engine in a cylinder according to claim 2 characterized 
by setting it as the include angle to which a mutual injection axis crosses and both the injection 
directions point to whenever [ champing- angle / of an air- injection valve and a fuel injection valve ] 
in a cavity combustion chamber. 

[Claim 4] The injection type spark-ignition engine in a cylinder given in claims 2 and 3 characterized 
by arranging two or more air-injection valves. 

[Claim 5] The injection type spark-ignition engine in a cylinder according to claim 4 characterized 
by making air injection perform from one air-injection valve at the time of an idling, having made 
the sideways revolution style form, making air injection perform from all air-injection valves, and 
making it make a longitudinal revolution style form at the time of a partial load and a heavy load. 
[Claim 6] The injection type spark-ignition engine in a cylinder given in any of claims 1-5 
characterized by setting it as multistage at the 1st fuel injection timing which it leaves [ fuel injection 
timing ] a part and makes fuel injection timing of the air-injection valve at the time of stratification 
combustion inject among the predetermined supply air volume like an inhalation-of-air line, and the 
2nd fuel injection timing which makes the air contents remaining in the first half of a compression 
stroke inject they are. 

[Claim 7] The injection type spark-ignition engine in a cylinder according to claim 1 characterized 
by setting it as the include angle with which an air-injection valve is arranged in a fuel injection 
valve arrangement side, and the blast air and an injection fuel point to whenever [ these champing- 
angles ] in a cavity combustion chamber, and the injection direction of the blast air serves as facing 
down from the injection direction of an injection fuel, and which both the injection axis intersects. 
[Claim 8] The injection type spark-ignition engine in a cylinder according to claim 7 characterized 
by setting it as multistage just before fuel injection at the 1st fuel injection timing which it leaves 
[ fuel injection timing ] a part and makes fuel injection timing of the air-injection valve at the time of 
stratification combustion inject among the predetermined supply air volume like an inhalation-of-air 
line, and a compression stroke at the 2nd fuel injection timing which makes the remaining air 
contents inject. 

[Claim 9] The injection type spark-ignition engine in a cylinder given in any of claims 1-8 
characterized by carrying out injection actuation of the air-injection valve also in an expansion stroke 
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they are. 

[Claim 10] The injection type spark-ignition engine in a cylinder given in any of claims 1-9 
characterized by carrying out injection actuation of the air-injection valve even like an exhaust air 
line they are. 

[Claim 11] The injection type spark-ignition engine in a cylinder given in any of claims 1-10 
characterized by connecting an inert gas supply path to the air duct of an air-injection valve, and 
making it make the air which mixed the inert gas of the specified quantity inject they are. 
[Claim 12] The injection type spark-ignition engine in a cylinder according to claim 1 1 characterized 
by being the exhaust air reflux path where it connects ranging over the air duct and engine flueway 
of an air-injection valve, and an inert gas supply path introduces a part of exhaust gas. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the injection type spark-ignition engine in a cylinder 

which injects a direct fiiel to a combustion chamber. 

[0002] 

[Description of the Prior Art] As the injection type spark-ignition engine in a cylinder is shown for 
example, in JP,9-79079,A, the patent No. 2577019 official report, etc. ** and the exhaust valve 
which open and close **, an exhaust air port, and ******** and an exhaust air port to the cylinder 
head, The ignition plug prepared in the location of a combustion chamber facing a core mostly, and 
the fuel injection valve which an injection nozzle faces a combustion chamber, It arranges, and while 
injecting a direct fuel to a combustion chamber and making stratification combustion perform from a 
fuel injection valve at the anaphase of a compression stroke, an inhalation-of-air line makes said fuel 
injection perform to inside, and he is trying to make homogeneity combustion perform to it in a 
heavy load region in a low loading region. 
[0003] 

[Problem(s) to be Solved by the Invention] If a fuel injection valve is arranged in an exhaust valve 
arrangement side, the thermal effect of a burnt gas will be received greatly, and if it arranges in a 
combustion chamber core, a thermal effect will be greatly received like the case where it arranges in 
an exhaust valve arrangement side, From an ignition plug arrangement location shifting from the 
center of a combustion chamber by central installation of a fuel injection valve, and flame 
propagation no longer being performed good Since this fuel injection valve is an inlet- valve 
arrangement side and it is moreover necessary to arrange it in the location near the inlet valve in 
consideration of the miscibility of a fuel and air, It will become difficult the arrangement location of 
this fuel injection valve will not only be to restrain, but to take the optimal arrangement layout for 
stratification combustion and homogeneity combustion in response to constraint to whenever 
[ champing-angle ] according to the structure of the circumference of a suction port. 
[0004] Especially this will be increasingly remarkable in the engine concept by which ** and an 
exhaust valve many became petaloid. 

[0005] Moreover, in order to make closing motion control of an inlet valve perform inhalation of air 
from a suction port apart from the problem on arrangement of such a fuel injection valve, It is 
important to make the fuel which could not deny the fall of the CV value by the pumping loss or 
friction loss of a valve gear system, but was especially injected in the compression stroke by the 
injection type spark-ignition engine in a cylinder at the time of stratification combustion convey to 
the circumference of the ignition plug of the center of a combustion chamber certainly. For this 
reason, since it is necessary to add the variant for making a suction port generate a longitudinal 
direction revolution style (swirl) and a lengthwise direction revolution style (tumble flow), an above- 
mentioned pumping loss and friction loss will increase further. 

[0006] Furthermore, although the fuel injected by the compression stroke as mentioned above at the 
time of stratification combustion is put in the style of [ of new mind ] revolution and is made to 
convey to the circumference of an ignition plug Even if a revolution style is formed by the revolution 
grant means of a suction port, the new mind inhaled from a suction port like an inhalation-of-air line 
In order to have to decrease this revolution style at fuel injection timing, to have to inject a fuel to 
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this decreased revolution style and to have to make transportation and combustion of a fuel perform, 
Matching of inhalation-of-air control and fuel-injection control is difficult, and moreover, since a gas 
flow becomes weaker, the improvement in stratification combustion is not greatly expectable. 
[0007] Then, while this invention can expand the degree of freedom of the arrangement layout of a 
fuel injection valve, the injection type spark-ignition engine in a cylinder not only whose 
stratification combustion but also the flammability of homogeneity combustion can set up inhalation- 
of-air timing appropriately, and can be made to be able to generate a strong gas flow, and can 
improve much more is offered. 
[0008] 

[Means for Solving the Problem] An air supply means to supply air to a combustion chamber like an 
inhalation-of-air line if it is in invention of claim 1, While equipping with a cavity combustion 
chamber the fuel injection valve which injects a direct fuel to a combustion chamber, an ignition 
plug, and a piston crestal plane, making a fuel inject in a compression stroke in a low loading region 
and making stratification combustion perform In the injection type spark-ignition engine in a 
cylinder which an inhalation-of-air line makes a fuel inject [ spark-ignition engine ] to inside in a 
heavy load region, and was made to make homogeneity combustion perform, it is characterized by 
constituting said air supply means from an air-injection valve which injects direct air to a 
combustion chamber. 

[0009] If it is in invention of claim 2, it is characterized by setting it as the include angle which can 
convey the fuel which arranged the air-injection valve according to claim 1 in the fuel injection valve 
arrangement side, and was injected in whenever [ these champing- angles ] to a cavity combustion 
chamber. 

[0010] If it is in invention of claim 3, it is characterized by setting it as the include angle to which a 
mutual injection axis crosses and both the injection directions point to whenever [ champing-angle / 
of an air-injection valve and a fuel injection valve according to claim 2 ] in a cavity combustion 
chamber. 

[001 1] If it is in invention of claim 4, it is characterized by arranging two or more air-injection 
valves of a publication in claims 2 and 3. 

[0012] If it is in invention of claim 5, the air-injection valve according to claim 4 is characterized by 
making air injection perform from one air-injection valve at the time of an idling, having made the 
sideways revolution style form, making air injection perform from all air-injection valves, and 
making it make a longitudinal revolution style form at the time of a partial load and a heavy load. 
[0013] If it is in invention of claim 6, it is characterized by setting it as multistage at the 1st fuel 
injection timing which it leaves [ fuel injection timing ] a part and makes fuel injection timing of the 
air-injection valve at the time of stratification combustion according to claim 1 to 5 inject among the 
predetermined supply air volume like an inhalation-of-air line, and the 2nd fuel injection timing 
which makes the air contents remaining in the first half of a compression stroke inject. 
[0014] If it is in invention of claim 7, it is characterized by setting it as the include angle with which 
an air-injection valve according to claim 1 is arranged in a fuel injection valve arrangement side, and 
the blast air and an injection fuel point to whenever [ these champing-angles ] in a cavity combustion 
chamber, and the injection direction of the blast air serves as facing down from the injection 
direction of an injection fuel and which both the injection axis intersects. 

[0015] If it is in invention of claim 8, it is characterized by setting it as multistage just before fuel 
injection at the 1st fuel injection timing which it leaves [ fuel injection timing ] a part and makes fuel 
injection timing of the air- injection valve at the time of stratification combustion according to claim 
7 inject among the predetermined supply air volume like an inhalation-of-air line, and a compression 
stroke at the 2nd fuel injection timing which makes the remaining air contents inject. 
[0016] If it is in invention of claim 9, it is characterized by carrying out injection actuation of the air- 
injection valve according to claim 1 to 8 also in an expansion stroke. 

[0017] If it is in invention of claim 10, it is characterized by carrying out injection actuation of the 
air-injection valve according to claim 1 to 9 even like an exhaust air line. 

[001 8] If it is in invention of claim 1 1 , it is characterized by connecting an inert gas supply path to 
the air duct of an air-injection valve according to claim 1 to 10, and making it make the air which 
mixed the inert gas of the specified quantity inject. 
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[0019] If it is in invention of claim 12, it connects ranging over the air duct and engine flueway of an 
air-injection valve, and the inert gas supply path according to claim 1 1 is characterized by being the 
exhaust air reflux path which introduces a part of exhaust gas. 
[0020] 

[Effect of the Invention] Since according to invention according to claim 1 the air supply means was 
constituted from an air-injection valve which injects direct air to a combustion chamber and the 
suction port and the inlet valve are abolished, a fuel injection valve can be attached in the location 
and include angle from which the optimal direction of fuel injection is acquired, without being 
restrained by these suction ports and the inlet valve. 

[0021] Moreover, there is no friction loss of an inlet valve and its valve gear system, and it combines 
with moreover an inlet valve and the pumping loss by the ventilation resistance of a suction port 
being lost, and since the high-pressure air injected like the inhalation-of-air line acts in the 
depression direction of a piston, the reduction effectiveness of a pumping loss is large and can raise a 
CV value. 

[0022] Furthermore, while being able to make the fuel transportation to the circumference of the 
ignition plug at the time of stratification combustion perform good, without using a revolution style 
grant means since a strong gas flow can be formed by high-pressure air injection, interference with a 
fuel and air can be set up intentionally, and atomization of a fuel and stratification-ization can be 
performed easily, therefore the flammability of stratification combustion and homogeneity 
combustion can be improved. 

[0023] Moreover, since it is not necessary to regard interference with the fuel and inlet valve which 
were injected from the fuel injection valve on the occasion of the inhalation-of-air line of a fuel 
making it inject and a fuel spray angle can be set up the optimal, not only homogeneity combustion 
but also the flammability of stratification combustion can improve further. 

[0024] According to invention according to claim 2, since it is set as the optimal include angle which 
can convey the fuel injected at the time of stratification combustion to a cavity combustion chamber, 
without receiving constraint according an air-injection valve to a suction port and an inlet valve in 
addition to the effect of the invention of claim 1, the shelf life of a gas flow can improve the 
transportability to the circumference of the ignition plug of a fuel highly, and can improve the 
flammability of stratification combustion further. 

[0025] Since the air-injection axis and the fuel-injection axis cross in addition to the effect of the 
invention of claim 2, while the inhalation-of-air line of a fuel can perform atomization of a fuel at the 
time of injection according to invention according to claim 3 Since improvement in the output in the 
heavy load region which performs homogeneity combustion as which a real charging efficiency is 
raised and high power is required since air temperature can be energetically lowered for latent heat 
of vaporization from the blast air can be realized and the blast air moreover directs in a cavity 
combustion chamber, It can control that a fuel adheres to a cavity combustion chamber, and smoked 
generating and generating unburnt [ HC ] can be reduced to it. 

[0026] According to invention according to claim 4, since two or more air-injection valves are 
arranged in addition to the effect of the invention of claims 2 and 3, when one air-injection valve of 
the amount of air supply is insufficient, or when more air needs like supercharge, it can respond 
appropriately. 

[0027] According to invention according to claim 5, to the effect of the invention of claim 4 In 
addition, in order to make air injection perform from one air-injection valve at the time of an idling 
and to make a sideways revolution style (swirl) form, Also in the time of little idling of supply air 
volume, a swirl can be certainly formed in a cavity combustion chamber, and stabilization of 
combustion can be attained. On the other hand, in order to make air injection perform from all air- 
injection valves at the time of a partial load and a heavy load and to make a longitudinal revolution 
style (a tumble flow, reverse tumble flow) form, Fuel adhesion in a cavity combustion chamber can 
be controlled, a smoke and generating unburnt [ HC ] can be reduced, and stabilization of 
homogeneity combustion and stratification combustion and improvement in an output can be 
realized. 

[0028] According to invention according to claim 6, since air injection is made to perform the first 
half of a compression stroke also at the time of stratification combustion in addition to the effect of 
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the invention of claims 1-5, a gas flow is strengthened, the transportability of the fuel to the 
circumference of an ignition plug is raised, and stratification combustion can be stabilized further. 
[0029] According to invention according to claim 7, to the effect of the invention of claim 1 In 
addition, since both the blast air and an injection fuel direct in a cavity combustion chamber and the 
blast air is injected downward rather than an injection fuel, In order to be able to form the film of air 
in a cavity combustion chamber as early flow and to make a fuel inject on it, fuel adhesion in a 
cavity combustion chamber can be avoided at the time of stratification combustion, and it can attain 
stabilization of stratification combustion, and a smoke and reduction-izing unburnt [ HC ]. 
[0030] Moreover, by the ability attaining stabilization of homogeneity combustion, since atomization 
of a fuel can be performed while being able to perform positively mixing with the blast air and an 
injection fuel, and stirring at the time of homogeneity combustion, since the high-pressure blast air 
blows on a cavity combustion chamber and it is moreover hit, fuel adhesion in this cavity 
combustion chamber can be avoided, and a smoke and reduction-ization unburnt [ HC ] can be 
attained. 

[003 1] Since air injection is made to perform also just before fuel injection by the compression 
stroke at the time of stratification combustion in addition to the effect of the invention of claim 7, 
while according to invention according to claim 8 strengthening the film of the air formed in a cavity 
combustion chamber and being able to prevent fuel adhesion more certainly, a gas flow can be 
strengthened and the transportability of the fuel to the circumference of an ignition plug can be 
raised. 

[0032] According to invention according to claim 9, since the air injection from an air-injection 
valve is made to perform also in an expansion stroke in addition to the effect of the invention of 
claims 1-8, while activating combustion unburnt [ HC ] and being able to improve thermal 
efficiency, a smoke and the cure against reduction-ized unburnt [ HC ] can be put into practice. 
[0033] According to invention according to claim 10, in addition to the effect of the invention of 
claims 1-9, since the air injection from an air-injection valve is made to perform even like an exhaust 
air line, scavenging efficiency can be raised. 

[0034] It is NOx in order to make the air which mixed inert gas inject from an air-injection valve in 
addition to the effect of the invention of claims 1-10 according to invention according to claim 1 1 . 
The reduction effectiveness can be acquired. 

[0035] In order to use [ according to invention according to claim 12 ] a burnt gas effectively as inert 
gas in addition to the effect of the invention of claim 1 1 , it is NOx advantageously in cost by exhaust 
air reflux. The reduction effectiveness can be acquired. 
[0036] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained in full 
detail with a drawing. 

[0037] In drawing 1 and 2, as for a cylinder block and 2, 1 shows the combustion chamber in which 
a piston and 3 were formed in by the cylinder head, and 4 was formed by these cylinder blocks 1 , the 
piston 2, and the cylinder head 3. 

[0038] While having arranged the ignition plug 5 in the location of a combustion chamber 4 which 
faces in the center mostly at the cylinder head 3, the fuel injection valve 6 which injects a fuel to the 
direct combustion chamber 4 is arranged in the flank of the opposite side the arrangement side of the 
exhaust valve outside drawing. 

[0039] Unlike the usual engine, a suction port and an inlet valve are not in this cylinder head 3, and 
the air-injection valve 7 which injects the high-pressure air which is compressed with high pressure 
pumping 8 and sent to the arrangement side of said fuel injection valve 6 by the air duct 9 to the 
direct combustion chamber 4 is arranged. 

[0040] The cavity combustion chamber 10 which receives the fuel injected from the fuel injection 
valve 6 in the compression stroke at the time of stratification combustion is formed in ****** which 
****(ed) to the side which arranged said fuel injection valve 6 at the crestal plane of a piston 2. 
[0041] When a fuel is injected in a compression stroke at the time of stratification combustion, while 
having attached this injection fuel at the include angle which directs in the cavity combustion 
chamber 4 and is certainly received by this cavity combustion chamber 4, a fuel injection valve 6 
The air-injection valve 7 rotates clockwise, as the air injected like the inhalation-of-air line shows 
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drawing 2 by the arrow head, and a sideways revolution style (swirl) is formed. It has attached at the 
include angle which can convey certainly the fuel which this swirl was saved in the cavity 
combustion chamber 10 by the compression stroke, and was injected in this compression stroke to 
the circumference of an ignition plug 5. 

[0042] Drawing 3 shows each fuel injection timing of the air-injection valve 7 at the time of the 
stratification combustion in a four-cycle stroke, and a fuel injection valve 6, and the ignition timing 
of an ignition plug 5, and drawing 4 shows each fuel injection timing of these air-injection valve 7 at 
the time of homogeneity combustion, and a fuel injection valve 6, and the ignition timing of an 
ignition plug 5, in A, F shows fuel injection timing of a fuel and S shows ignition timing for fuel 
injection timing of air, respectively. 

[0043] Therefore, since according to the configuration of this 1st operation gestalt an air supply 
means to supply air to a combustion chamber 4 like an inhalation-of-air line was constituted from an 
air- injection valve 7 which supplies direct high-pressure air to this combustion chamber 4 and the 
suction port and the inlet valve are abolished, a fuel injection valve 6 can be attached in the location 
and include angle from which the optimal direction of fuel injection is acquired, without receiving 
constraint in these suction ports or an inlet valve. 

[0044] Moreover, there is no friction loss of an inlet valve and its valve gear system, and it combines 
with moreover an inlet valve and the pumping loss by the ventilation resistance of a suction port 
being lost, and since the high-pressure air injected like the inhalation-of-air line acts in the 
depression direction of a piston 2, the reduction effectiveness of a pumping loss is large and can raise 
a CV value. 

[0045] Furthermore, since it can attach at the optimal include angle which can form a swirl, without 
being able to form a strong gas flow by high-pressure air injection, and receiving constraint 
according the air-injection valve 7 to a suction port or an inlet valve, The shelf life of a gas flow can 
be raised without using a revolution style grant means. Therefore, the transportability of the fuel to 
the circumference of an ignition plug 5 is raised at the time of stratification combustion. Moreover, 
since interference with a fuel and air can also be set up intentionally and atomization of a fuel and 
stratification-ization can be performed easily, whenever [ champing-angle / of the air-injection valve 
7 and a fuel injection valve 6 ] can improve the flammability of stratification combustion and 
homogeneity combustion. 

[0046] Moreover, since it is not necessary to regard interference with the fuel and inlet valve which 
were injected from the fuel injection valve 6 on the occasion of the inhalation-of-air line of a fuel 
making it inject and a fuel spray angle can be set up the optimal, not only homogeneity combustion 
but also the flammability of stratification combustion can improve further. 

[0047] In the configuration of the 1st operation gestalt shown in said drawing 1 and 2 if drawing 5 
shows the 2nd operation gestalt of this invention and was in this operation gestalt The 1st fuel 
injection timing Al which it leaves [ fuel injection timing ] a part and makes fuel injection timing of 
the above-mentioned air-injection valve 7 at the time of stratification combustion inject among the 
predetermined supply air volume like an inhalation-of-air line The 2nd fuel injection timing A2 
which makes the air contents remaining in the first half of a compression stroke inject It is set as 
multistage. 

[0048] Therefore, according to the configuration of this 2nd operation gestalt, since air injection is 
made to perform the first half of a compression stroke also at the time of stratification combustion in 
addition to the effectiveness of said 1st operation gestalt, a swirl can be strengthened, the 
transportability of the fuel to the circumference of an ignition plug 5 can be raised, and stratification 
combustion can be stabilized further. 

[0049] The 3rd operation gestalt of this invention is shown, if it is in this operation gestalt, injection 
actuation of the air-injection valve 7 is carried out in an expansion stroke also at the time of which 
operational status at the time of stratification combustion and homogeneity combustion ( drawing 6 ) 
( drawing 7 ), and drawing 6 and 7 are the injection Aalphal of the additional air of requirements. He 
is trying to make it carry out. 

[0050] Therefore, according to the configuration of this 3rd operation gestalt, in addition to the 
effectiveness of said 1st operation gestalt and the 2nd operation gestalt, it is the air injection Aalphal 
of requirements by the air-injection valve 7 under the temperature conditions that combustion 
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temperature is high, also in an expansion stroke. Since it is make to carry out, while activating 
combustion unburnt [ HC ] and being able to improve thermal efficiency with this additional air, a 
smoke and the cure against reduction-ized unburnt [ HC ] can be put into practice. 
[0051] It is the injection Aalpha2 of additional air even like an exhaust air line like [ although 
additional air is made to inject in an expansion stroke in said 3rd operation gestalt ] drawing 8 and 
the 4th operation gestalt shown in 9. Scavenging efficiency can be raised if it is made to carry out. 
[0052] Moreover, injection Aalpha2 of the additional air like this exhaust-air line If it is made to 
carry out in the first half like the exhaust air line by which a high combustion temperature is 
maintained as the chain line shows, it will be the injection Aalphal of additional air in an expansion 
stroke. Activation of combustion unburnt [ HC ] can be expected like the case where it carries out, 
and combustion activation of the cylinder liner which fails to be especially scratched by rise of a 
piston like this exhaust air line adhesion unburnt [ HC ] can also be planned. 

[0053] If drawing 10 and 1 1 show the 5th operation gestalt of this invention and are in this operation 
gestalt, both the injection axis has set whenever [ champing-angle / of the air-injection valve 7 and a 
fuel injection valve 6 ] as the vertical direction and the include angle to which are horizontal, and 
cross and both the injection directions point in the cavity combustion chamber 10. 
[0054] Therefore, since the air-injection axis and the fuel-injection axis cross, while according to the 
configuration of this 5th operation gestalt the same effectiveness as said 1 st operation gestalt is 
acquired, and also the inhalation-of-air line of a fuel can perform atomization of a fuel at the time of 
injection Since air temperature can be energetically lowered for latent heat of vaporization from the 
blast air, improvement in the output in the heavy load region which performs homogeneity 
combustion as which a real charging efficiency is raised and high power is required is realizable. 
[0055] And since the blast air directs in the cavity combustion chamber 10, it can control that a fuel 
adheres to the cavity combustion chamber 10, and a smoke and generating unburnt [ HC ] can be 
reduced to it. 

[0056] The 1st fuel injection timing Al which sets in this 5th operation gestalt and can be set like an 
inhalation-of-air line here like the 2nd operation gestalt which showed fuel injection timing at the 
time of stratification combustion of the air-injection valve 7 to drawing 5 , The 2nd fuel injection 
timing A2 in the first half of a compression stroke If it is set as multistage This 2nd fuel injection 
timing A2 The air injected by the cavity combustion chamber 10 becomes possible [ becoming the 
swirl which fully had inertia in this cavity combustion chamber 1 0, and conveying a fuel certainly by 
the circumference of an ignition plug 5 ], and can raise the stability of stratification combustion 
further. 

[0057] moreover — since a fuel can already spout and - ****** can also be realized — gaseous 
mixture — formation — good — and NOx The reduction effectiveness is acquired, and moreover, 
since the heat release stage of combustion is overdue, thermal efficiency can also be raised. 
[0058] If drawing 12 and 13 show the 6th operation gestalt of this invention and are in this operation 
gestalt, in the air-injection valve 7, specifically they are the arrangement side of a fuel injection valve 
6, carry out plane view of two or more two air-injection valves 7 and 7, and have attached them in 
the inner sense mostly focusing on the injection axis of this fuel injection valve 6 at axial symmetry. 
[0059] Moreover, these two air-injection valves 7 and 7 are arranged by whenever [ champing- 
angle / which can form the so-called longitudinal revolution style of the order tumble which flows 
toward the crestal plane of a piston 2 through the ignition plug 5 bottom from the exhaust valve side 
outside drawing ], as the blast air shows by the arrow head of drawing 12 . 

[0060] Therefore, according to the configuration of this 6th operation gestalt, the same effectiveness 
as said 1st operation gestalt is acquired, and also since two air-injection valves 7 and 7 are arranged, 
when one air-injection valve 7 of the amount of air supply is insufficient, or when more air needs 
like supercharge, it can respond appropriately. 

[0061] Moreover, if make air injection perform only from one air- injection valve 7 at the time of an 
idling, and make a swirl form, air injection is made to perform to coincidence from both the air- 
injection valves 7 and 7 at the time of a partial load and a heavy load and it is made to make an order 
tumble flow form Also in the time of little idling of supply air volume, a swirl can be certainly 
formed in the cavity combustion chamber 1 0, and stabilization of combustion can be attained. On the 
other hand, since fuel adhesion in the cavity combustion chamber 1 0 is controlled by the order 
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tumble flow at the time of a partial load and a heavy load and a smoke and generating unburnt [ HC ] 
can be reduced, stabilization of homogeneity combustion and stratification combustion and 
improvement in an output are realizable. 

[0062] Furthermore, the 1st fuel injection timing Al which can set fuel injection timing of two air- 
injection valves 7 and 7 at the time of stratification combustion like an inhalation-of-air line like the 
2nd operation gestalt which showed drawing 5 also in this 6th operation gestalt The 2nd fuel 
injection timing A2 in the first half of a compression stroke By setting it as multistage, an order 
tumble flow can be strengthened and the transportability of the fuel to the circumference of an 
ignition plug 5 can be raised. 

[0063] In addition, although he is trying to make an order tumble flow form with this operation 
gestalt, it is also possible to make whenever [ champing- angle / of the air-injection valves 7 and 7 ] 
into longitude so that a reverse tumble flow can be formed. 

[0064] It arranges in a right above location mostly, if drawing 14 and 1 5 show the 7th operation 
gestalt of this invention and are in this operation gestalt — the air-injection valve 7 — a fiiel injection 
valve 6 — The blast air and an injection fiiel point to whenever [ champing-angle / of these air- 
injection valve 7 and a fuel injection valve 6 ] in the cavity combustion chamber 10. And the 
injection direction of the blast air serves as facing down from the injection direction of an injection 
fuel, and it is set as the include angle to which a mutual injection axis crosses in the vertical 
direction. It is made to be formed in the so-called reverse tumble flow to which the blast air crosses 
the front end part of a fuel injection valve 6 as the arrow head of drawing 14 shows, it is reversed 
toward the cavity combustion chamber 1 0 in this cavity combustion chamber 1 0, and flows toward 
an ignition plug 5. 

[0065] Therefore, according to the configuration of this 7th operation gestalt, the same effectiveness 
as said 1st operation gestalt is acquired, and also Since both the blast air and an injection fuel direct 
in the cavity combustion chamber 10, and the blast air is injected downward rather than an injection 
fuel and a reverse tumble flow is formed, In order to be able to form the film of air in the cavity 
combustion chamber 10 as early flow and to make a fuel inject on it, fuel adhesion in the cavity 
combustion chamber 10 can be avoided at the time of stratification combustion, and it can attain 
stabilization of stratification combustion, and a smoke and reduction-izing unburnt [ HC ]. 
[0066] Moreover, by the ability attaining stabilization of homogeneity combustion, since atomtization 
of a fuel can be performed while being able to perform positively mixing with the blast air and an 
injection fuel, and stirring at the time of homogeneity combustion, since the high-pressure blast air 
blows on the cavity combustion chamber 1 0 and it is moreover hit, fuel adhesion in this cavity 
combustion chamber 10 can be avoided, and a smoke and reduction-ization unburnt [ HC ] can be 
attained. 

[0067] Furthermore, since an injection fuel can lower air temperature for latent heat of vaporization 
energetically from the blast air at the time of the homogeneity combustion to which the inhalation- 
of-air line of this fuel injects like said drawing 10 and the 5th operation gestalt shown in 1 1, a real 
charging efficiency is raised and high power can be obtained. 

[0068] In the structure of the 7th operation gestalt shown in said drawing 14 and 1 5 if drawing 16 
shows the 8th operation gestalt of this invention and was in this operation gestalt The 1st fuel 
injection timing Al which it leaves [ fiiel injection timing ] a part and makes fuel injection timing of 
the above-mentioned air-injection valve 7 at the time of stratification combustion inject among the 
predetermined supply air volume like an inhalation-of-air line It is set as the 2nd fuel injection 
timing which makes the remaining air contents inject just before the fuel injection timing F of a 
compression stroke anaphase. 

[0069] Therefore, since air injection is made to perform also just before fuel injection by the 
compression stroke at the time of stratification combustion according to the configuration of this 8th 
operation gestalt, while strengthening the film of the air formed in the cavity combustion chamber 1 0 
and being able to prevent fuel adhesion more certainly, a reverse tumble flow can be strengthened 
and the transportability of the fiiel to the circumference of an ignition plug 5 can be raised. 
[0070] In addition, in each operation gestalt shown in drawing 10 -16, the reduction effectiveness 
unburnt [ HC ] and improvement in scavenging efficiency can be aimed at an expansion stroke and 
by reaching, or carrying out injection actuation of the air- injection valve 7, and making additional air 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/29/2006 



JP,2000-097032,A [DETAILED DESCRIPTION] 



Page 8 of 8 



inject even like an exhaust air line like drawing 6 , 7 or drawing 8 , and the operation gestalt shown 
in 9. 

[0071] Drawing 1 7 shows the 9th operation gestalt of this invention, and is NOx at this operation 
gestalt. It has been made to carry out injection supply of the air which mixed inert gas from the air- 
injection valve 7 in the combustion chamber 4 for the cure against reduction. 

[0072] The case where it applies to the engine concept of the 1st operation gestalt shown in drawing 
1 for convenience by drawing 17 is shown. With this operation gestalt, a mixer room 1 1 is formed in 
the middle of the air duct 9 of the air-injection valve 7. The exhaust air reflux path 13 is connected 
ranging over this mixer room 1 1 and the exhaust air port 12. Perform reflux exhaust air (EGR) of the 
proper amount according to inspired air volume as inert gas to the bottom of control by the exhaust 
air reflux control valve equipment 14 infixed in this exhaust air reflux path 13, and make it mix with 
new mind in a mixer room 1 1 , Exterior EGR is made to perform, and it is NOx. He is trying to 
acquire the reduction effectiveness. In addition, 15 show an exhaust valve among drawing 17 . 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The cross-section explanatory view showing the configuration of the 1st operation 
gestalt of this invention roughly. 

[Drawing 2] The rough flat-surface explanatory view of the 1st operation gestalt of this invention. 
[Drawing 3] The explanatory view showing the air-injection stage at the time of stratification 
combustion of the 1st operation gestalt of this invention, fuel injection timing, and ignition timing. 
[Drawing 4] The explanatory view showing the air-injection stage at the time of homogeneity 
combustion of the 1st operation gestalt of this invention, fuel injection timing, and ignition timing. 
[Drawing 5] The explanatory view showing the air-injection stage at the time of stratification 
combustion of the 2nd operation gestalt of this invention, fuel injection timing, and ignition timing. 
[Drawing 6] The explanatory view showing the air-injection stage at the time of stratification 
combustion of the 3rd operation gestalt of this invention, fuel injection timing, and ignition timing. 
[Drawing 7] The explanatory view showing the air-injection stage at the time of homogeneity 
combustion of the 3rd operation gestalt of this invention, fuel injection timing, and ignition timing. 
[Drawing 8] The explanatory view showing the air- injection stage at the time of stratification 
combustion of the 4th operation gestalt of this invention, fuel injection timing, and ignition timing. 
[Drawing 9] The explanatory view showing the air-injection stage at the time of homogeneity 
combustion of the 4th operation gestalt of this invention, fuel injection timing, and ignition timing. 
[Drawing 10] The cross-section explanatory view showing the configuration of the 5th operation 
gestalt of this invention roughly. 

[Drawing 11] The rough flat-surface explanatory view of the 5th operation gestalt of this invention. 
[Drawing 12] The cross-section explanatory view showing the configuration of the 6th operation 
gestalt of this invention roughly. 

[Drawing 13] The rough flat-surface explanatory view of the 6th operation gestalt of this invention. 
[Drawing 14] The cross-section explanatory view showing the configuration of the 7th operation 
gestalt of this invention roughly. 

[Drawing 15] The rough flat-surface explanatory view of the 7th operation gestalt of this invention. 
[Drawing 16] The explanatory view showing the air-injection stage at the time of stratification 
combustion of the 8th operation gestalt of this invention, fuel injection timing, and ignition timing. 
[Drawing 17] The cross-section explanatory view showing the configuration of the 9th operation 
gestalt of this invention roughly. 
[Description of Notations] 

1 Cylinder Block 

2 Piston 

3 Cylinder Head 

4 Combustion Chamber 

5 Ignition Plug 

6 Fuel Injection Valve 

7 Air-Injection Valve 

9 Air Duct 

1 0 Cavity Combustion Chamber 
12 Exhaust Air Port (Flueway) 
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13 Exhaust Air Reflux Path (Inert Gas Supply Path) 
[Translation done.] 
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